New Plastic Membrane and Carbon Paste Ion Selective Electrodes for the Determination of Triprolidine

S. I. M. ZAYED
Faculty of Industrial Education, Beni Suef, Egypt
Triprolidine (Trip) ion selective electrodes of three types: the conventional polymer membrane (I), graphite coated electrode (II) and carbon paste electrode (III), have been prepared, based on the ion pair of triprolidine hydrochloride with sodium tetraphenylborate. The electrodes exhibit a linear response with a mean calibration graph slope of 56.12, 55.00 and 54.32 mV decade -1 at 25˚C for I, II and III, respectively, within the concentration ranges 1.96 × 10 -5 -1.00 × 10 -2 M for I and 3.84 × 10 -5 -1.00 × 10 -2 M for II and III. The detection limits are 1.13 ± 0.13 × 10 -5 , 1.70 ± 0.06 × 10 -5 and 1.78 ± 0.05 × 10 -5 M for the three electrodes, respectively. The change of pH within the ranges 4.85 -8.75 and 4.70 -8.50 for I and III, respectively, did not affect the electrode performance. The standard electrode potentials were determined at different temperatures and were used to calculate the isothermal coefficient of the electrode. The electrodes showed a very good selectivity for Trip with respect to a large number of inorganic cations and compounds. The standard addition method was applied to the determination of TripCl in pure solution, pharmaceutical preparations, and urine samples.
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The membrane composition was studied by varying the percentages (w/w) of the ion pair, polyvinyl chloride PVC and dibutylphthalate (DBP), until the optimum composition that exhibits the best performance characteristics was obtained. The membranes were prepared by dissolving the required amount of the ion pair, PVC and DBP, in about 10 ml of tetrahydrofuran (THF). The solution mixture was poured into a 7.5 cm Petri dish and left to dry in air. To obtain the uniform membrane thickness, the amount of THF was kept constant, and its evaporation was fixed for 24 h. The thickness of the membrane is about 0.2 mm, densities have been calculated using the following equation: 20
where pM is the density of the membrane. psolv is the density of DBP (1.05 gm/cm 3 ). ωpvc is the weight ratio of PVC. ppvc is the density of PVC (1.38 gm/cm 3 ). Obtaining pM and knowing the weight of the dry membrane, one can calculate the thickness using the simple mathematical relations governing the cylinder. A 12 mm diameter disk was cut out from the prepared membrane and glued using PVC-THF paste to the polished end of a plastic cap attached to a glass tube. The electrode body was filled with a solution of 10 -1 M NaCl and 10 -2 M TripCl. The electrode is preconditioned by soaking in 10 -3 M TripCl solution. Graphite coated electrode. A pure graphite rod of 4 mm diameter was insulated by tight polyethylene tubes, leaving 2 cm at one end for coating and 1 cm at the other end for connection. The polished electrode surface was coated with the active membrane by dipping the exposed end into the coating solution (described previously under membrane composition) twenty times and allowing the film left on the graphite rod to dry in air for 1 min each time. The process was repeated until a plastic film of approximately 1.0 mm thickness was formed. The prepared electrode was preconditioned by soaking for 1 h in 10 -3 M TripCl solution Carbon paste electrode. Carbon paste was prepared by mixing the required amount of the ion pair with spectroscopic graphite powder (Aldrich, 1 -2 micron) and dibutylphthalate as a pasting liquid (ratio of graphite powder to pasting liquid was 60:40 (w/w)) in a mortar until it was uniformly wetted. The mixture was used for filling the electrode body; 21 the electrode surface was polished using a filter paper to produce a reproducible working surface.
Selectivity
The selectivity coefficients K 
Potentiometric determination of TripCl
TripCl has been determined potentiometrically using the investigated electrode by the standard addition method. 23 
Determination of TripCl in pharmaceutical prepration actifed tablets
Twenty tablets were accurately weighed and powdered in a mortar, the required amount from the tablet powder was dissolved in about 30-ml bidistilled water and filtered in a 50-ml measuring flask. The residue was washed three times with bidistilled water; the volume was completed to the mark by the same solvent. The contents of the measuring flask were transferred into a 100-ml beaker, and subjected to potentiometric determination of TripCl.
Determination of TripCl in spiked urine samples
Different amounts of TripCl and 5 ml of urine of a healthy person were transferred to 50-ml measuring flask and completed to the mark by bidistilled water. The contents of the measuring flask were transferred to a 100-ml beaker, and subjected to potentiometric determination of TripCl by the standard addition method.
Results and Discussion
Composition of the electrode Conventional membrane electrode. The trials that were made to prepare plastic membranes using Trip-PT and Trip-PM ion associates were unsuccessful as a result of their insolubility in tetrahydrofuran. Meanwhile, the Trip-TPB ion pair is soluble in tetrahydrofuran and so we were able to prepare its plastic membranes. Four membrane compositions were investigated ( Table 1 ). The results showed that the electrode made by membrane II with 5% Trip-TPB ion pair exhibits the best performance characteristics (slope 56.12 mV concentration decade -1 , at 25˚C, usable concentration range 1.96 × 10 -5 -1.00 × 10 -2 M TripCl, detection limit 24 1.13 ± 0.13 × 10 -5 and response time ≤ 10 s). Other membranes exhibit slopes ranging between 53.93 and 54.94 mV decade -1 . The effect of the plasticizing solvent mediator, dibutylphthalate (DBP) and dioctylphthalate (DOP), on the Trip-TPB electrode was also studied. By using dioctylphthalate (DOP) as plasticizing solvent mediator instead of dibutylphthalate (DBP), one finds that the slope of the calibration graph of the electrode becomes 52.23 mV concentration decade -1 after 0.50 h soaking and then decreases reaching near 42.00 mV concentration decade -1 after 24 h soaking instead of 56.12 mV decade -1 in the case of dibutylphthalate (DBP). Thus, the use of dibutylphthalate (BDP) as plasticizing solvent mediator increases to a large extent the life time of Trip-TPB electrode, and also gives more stable potential reading in case of dibutylphthalate than in case of dioctylphthalate. This can be related to the diffusion and partition of both the ion exchanger and the plasticizers. 25 The poor results for the electrode with membrane plasticized with dioctylphthalate can be ascribed to low solubility or low distribution of Trip-TPB ion pairs for this solvent and the reverse is true in case the membrane is plasticized with dibutylphthalate.
Carbon paste electrode
In case of carbon paste electrode the results (Table 1) showed that the electrode made of 5% Trip-TPB ion pair exhibits the best performance (slope 54.32 mV concentration decade -1 at 25˚C, usable concentration range 3.84 × 10 -5 -1 × 10 -2 M TripCl, detection limit 24 1.78 ± 0.05 × 10 -5 M and response time ≤ 10 s). In all subsequent studies, electrodes made of 5% Trip-TPB ion pair composition were used in cases of plastic membrane and carbon paste electrodes.
Effect of soaking
Calibration plots (pTrip vs. E, mV) were obtained after the electrode was soaked continuously in 10 -3 M TripCl for 0. 
Life span of carbon paste electrode
In the case of carbon paste electrode, the electrode was conditioned by soaking for 24 h in 1 × 10 -3 M TripCl solution and then stored in distilled water. 
Electrode response
The response characteristics of the electrodes under investigation are summarized in Table 2 . Detection limits were evaluated according to IUPAC recommendations. 24 
Effect of the pH
The effect of pH of the test solution (10 -4 and 10 -3 M TripCl) on the electrode potential was investigated by following the variation in potential with change in pH by addition of very small volumes of hydrochloric acid and sodium hydroxide (each 0.1 -1.0 M). Representative curves for the conventional membrane electrode are shown in Fig. 1 potential decreased gradually; this can be related to interference of hydronium ion, while the decrease that takes place at pH higher than 8.75 or 8.50 is most probably attributed to the formation of the free triprolidine base in the solution, leading to decrease in concentration of triprolidine cation.
Effect of temperature of the test solution
Calibration plots (cell potential versus pTripCl) were constructed in the test solution temperature range 25 -70˚C for conventional membrane and carbon paste electrodes. Calibration curves for conventional membrane electrode are represented in Fig. 2 . The slope and the usable concentration range of the electrodes corresponding to each temperature are reported in Table 3 .
For the determination of the isothermal coefficients (dE o /dt) of the electrode, the standard electrode potentials (E o ) of the cell at different temperatures were obtained from the calibration plots as the intercepts at pTip = 0. Then, by subtracting the values of the standard electrode potential of the calomel electrode at these temperatures, the standard electrode potential of Trip electrode at different temperatures were obtained. These values are plotted versus (t -25˚C), where t is the temperature of the test solution in ˚C. A straight line is obtained according to the following equation:
The slopes of the straight lines obtained represent the isothermal coefficients of the electrodes, amounting to -0.001149 and -0.000906 V ˚C -1 for conventional membrane and carbon paste electrodes, respectively, Fig. 3 , indicating that the carbon paste electrode has better thermal stability than the conventional plastic membrane electrode.
Selectivity
The influence of some inorganic cations, sugars and amino acids on the triprolidine electrode was investigated. The selectivity coefficients have been determined by the separate solutions method (Table 4) . 22 None of the investigated species interferes, as shown by the very small values of K the case of the plastic membrane electrode, and up to 909, 2603, 566, 1379, 2308 and 200 fold, respectively, in the case of the carbon paste electrode. In cases of sugars and amino acids, the high selectivity is mainly attributed to the difference in polarity and to the lipophilic nature of their molecules relative to TripCl. The mechanism of the selectivity is mainly based on the stereospecificity and electrostatic environment and it is dependent on how good the fit is between the locations of the lipophilicity sites in the two competing species in the bathing solution side and those present in the receptor of the ion exchanger. 27 In case of species without charges, they cause interference when the potential determining ion exchange process is being blocked either by an area decrease or by introducing an energy barrier that makes the rate of ion exchange slower. 28 The tolerance of interference of glycine, glucose and lactose to the carbon paste electrode is smaller than that to the plastic membrane electrode; this due to the adsorption of these compounds on the surface of carbon paste electrode, which block the ion exchange process.
Analytical applications
The investigated electrodes were proved to be useful in the potentiometric determination of TripCl in pure solutions and in pharmaceutical preparation actifed tablets (2.5 mg triprolidine hydrochloride, 60 mg pseudoephedrine hydrochloride) by the method of standard addition. Collective results are given in Table 5 . From the results, it is evident that the present electrodes will be very useful as a potentiometric sensor for the microdetermination of TripCl in its pure solutions and pharmaceutical preparations. The data for the pharmaceutical preparation actifed show that the assay results were in good agreement with values obtained using the HPLC official method of United States Pharmacopeia 29 (Table 6 ).
Student t-and F-tests (at 95% confidence level) were applied. 30 The results show that the calculated t-and F-values did not exceed the theoretical values. The determination of TripCl in spiked urine samples was carried at two different levels of concentrations, 2 × 10 -4 and 4 × 10 -4 M, using the standard addition technique, the mean recoveries obtained were 100.82, 99.17 and 99.71% for conventional membrane electrode, graphite coated electrode, and carbon paste electrode, respectively ( Table 7) . The proposed methods can therefore be applied to the determination of TripCl in pure drug, in pharmaceutical preprations, and in urine samples without fear of interference caused by the excipients expected to be present in tablets or in the constituents of body fluids.
Triprolidine tetraphenylborate conventional plastic membrane, coated graphite and carbon paste electrodes offer viable techniques for the determination of triprolidine hydrochloride in pure solutions, pharmaceutical preparations and spiked urine samples. The inherent advantages of the proposed techniques are their high selectivity, rapid response, simple operation, precise results and low cost. 
